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FOREWORD 


This Technical Report presents the design and operational character* 
Istlcs of the XLR129-P*! reusable rocket engine. In addition, It presents 
engine parametric performance, size, and weight data for future flight 
engines chat could result from an engineering development program based 
on this engine concept. This report Is Issued as a special report In 
accordance with the requirements of Contract F0461l*68*C-0002. 

This publication was prepared by the Pratt & Whitney Aircraft 
Florida Research and Development Center as PWA FR-3108. 

Classified Information has been extracted from (asterisked) documents 
listed under References. 

This Technical Report has been reviewed and Is approved. 


Ernie D. Braunschweig 
Major, USAF 
Program Manager 

Air Force Rocket Propulsion Laboratory 
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UNCUSSIFIED ABSTRACT 


This special technical report presents Information and data on the 
XU1129-P-1 rocket engine. Information Is presented for both the demon¬ 
strator engine and flight engine versions of this rocket engine. A 
general description and pertinent technical Information are presented 
for the demonstrator engine. The demonstrator engine program schedule 
Is also presented. Parametric design, performance, cost, and schedule 
data are presented for the flight engine. This technical report has 
been prepared for the use of airframe manufacturers and government 
personnel who are conducting mission and vehicle studies. 
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.'ECTION 1 
INTRODUCTION 


(U) This technical report provides a general description, pertinent 
technical information, and the program schedule for th^ XLRl29oP<l 
demonstrator engine being designed, fabricated, and tested under 
Contract F0461l-68»C>0002. In addition, parametric data on the per* 
formance, weight, and size of reusable rocket engines which could result 
from an engineering development program is provided for use in vehicle 
and mission studies, 

(C) Data are presented for high pressure OOOO-psia chamber pressure) 
staged-combustion, pump-fed, oxygen-hydrogen, engines with transpiration- 
cooled thrust chambers and regeneratlvely and dump-cooled nozzles. 

(U) By combining interchangeable nozzle extensions with a basic turbo- 
pump and combustion chamber module, the engine can be tailored to 
specific rocket stage requirements. Data are provided for conventional 
fixed nozzle engine configurations and two-position nozzle engine con¬ 
figurations for various nozzle expansion ratios and contours. The two- 
position nozzle concept is based on part of the nozzle being retracted 
over the forward portion of the thrust chamber during low altitude opera¬ 
tion and extended to the high area ratio position for high altitude opera¬ 
tion. This principle enables the high pressure engine to have an exhaust 
nozzle that is optimized for both high altitude and low altitude operation. 
In addition, the two-position nozzle will provide high specific impulse 
in vehicle installations where the length of the engine is limited. Dump 
cooling is used for the extendible portion of the nozzle, which also 
permits lightweight nozzle construction. 
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SECTION II 
SUMMARY 


(U) Information prcaentcd on the XLR129-P*l demonstrator engine Include 
the overall engine design characteristics, an Installation drawing, a 
flow schematic, the engine Internal design parameters, the component 
and engine weight, a schedule of the demonstrator engine program, start 
and shutdown thrust versus time curves, and englne/vehlcle Interface 
propellant requirements. 

lU) The parametric performance data, which are presented for the 
LRlIS'P'l flight rocket engine. Include delivered vacuum specific lm« 
pulse versus nozzle expansion area ratio for three nozzle contours and 
five mixture ratios; specific Impulse versus altitude for fixed nozzle 
and two types of two-posltlon nozzle engine configurations. In addl' 
tlon, parametric data are presented for engine weight, diameter, and 
length versus nozzle expansion ratio for three nozzle contours. Also 
Included Is a throttling curve that presents delivered vacuum specific 
Impulse at various throttling conditions for five different mixture 
ratios. 
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SECTION 111 
DEMONSTRATOR ENGINE 


A. ENGINE CHARACTERISTICS 

(U) The design and demonscraclon characcarlselct for the XLR129*P*1 
demunstratcr engine are shown In Table I. 

(C)(U) Table I. Demonstrator Engine Characteristics 

Nominal Thrust 2S0,000*lb vacuum thrust with area ratio of 166:1 

244,000‘lb vacuum thrust with area ratio of 75:1 
209,000-lb sea level thrust with area ratio of 35:1 

Minimum Delivered 967. of theoretical shifting I, at nominal thrust; 

Specific Impulse 947. of theoretical shifting I, during throttling 

Efficiency 

Throttling Range Continuous from 100 to 207. of nominal thrust 

over the mixture ratio range 

Overall Mixture Engine operation from 5.0:1 to 7.0:1 

Ratio Range 

Rated Chamber 2740 psla 

Pressure 

Engine Weight 3520 lb (with flight-type actuators and engine 

(with 73:1 nozzle) command unit) 

3380 lb (less flight-type actuators and engine 
command unit) 

Expansion Ratio Two-position booster-type nozzle with area ratios 

of 35:1 and 75:1 

Durability 10 hours time between overhauls, 100 reuses, 

300 starts, 300 thermal cycles, 10,000 valve 
eyeles 

Single Continuous Capability from 10 seconds to 600 seconds 

Run Duration 

Engine Starts Multiple restart at sea level or altitude 

Thrust Vector Amplitude: -7 deg; 

Control Rate: 30 deg/sec; . 

Acceleration: 30 rad/sec^ 

Control Capability -37. accuracy In thrust and mixture ratio at nominal 

thrust. Excursions from extreme to extreme in 
thrust and mixture ratio within 5 seconds. 
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(C)(U) 

Table I. Demonstrator Engine Characteristics 
(Continued) 

Propellant 

Conditions 

LO 2 : 16 ft NPSH from 1 atmosphere boiling 
temperature to 180°R 

LH 2 : 60 ft NPSH from 1 atmosphere boiling 
temperature to 45°R 

Environmental 
Conditlons 

Sea level to vacuum conditions 

Combined acceleration: 10 g's axial 
with 2 g's transverse, 6.5 g's axial 
with 3 g's transverse, 3 g's axial 
with 6 g's transverse 

Engine/Vehicle 

The engine will receive no external power, 
with the exception of normal electrical power 
and 1300-psia helium from the vehicle 


B. ENGINE INSTALLATION DRAWING 


(U) The general component arrangement of the XLR129>P>I demonstrator 
engine is Illustrated in Figure 1. An Installation drawing with envelope 
dimensions, Including the retracted (stowed) length and extended length 
of the engine, is provided as Figure 2. The primary interfaces, such as 
the propellant inlet connections and gimbal attachment locations, are 
also shown. It is csci.matcd that the maximum actuator load during 
gimbaling of the demonstrator engine is 50,000 lb. The power to gimbal 
the engine is approximately 80 horsepower. 

C. ENGINE FLOW SCHEMATIC 

(U) A simplified propellant flow schematic Illustrating the propellant 
flow paths and functional component arrangement of the engine is shown 
in Figure 3. The XLR129>P'l high pressure rocket engine uses a staged 
combustion cycle in which most of the fuel is burned with a portion of 
the oxidizer in the preburner to provide turbopump power before combus¬ 
tion with the remainder of the oxidizer in the main burner chamber. 

Fuel and oxidizer enter the engine through the engine driven low-speed 
inducers. The low-speed inducers are used to minimize the fuel tank 
pressure requirements, while allowing high-speed main propellant pumps 
for high turbopump efficiencies. The fuel low-speed inducer is a single 
shaft unit with an axial flow inducer driven by a two-stage, axial-flow, 
partial-admission impulse turbine. The oxidizer low-speed inducer is 
also a single shaft unit with an axial flow inducer driven by a single 
stage radial inflow turbine. 
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(U) Figure 1. XLR129«P*1 Demonstrator Engine FDC 27532 


7/8 

THIS e^MTAINl tUSJICt MATtlll COVIfftO IV A ■fCflffCV 

OA0VA WITM A MOOI^VINO '••CUMITT At9UIAIMtMT« rtllMIT" 
Vr U •. eOMMIMIOMM or PATCMT*. 


































































FD 27725 











(U) Figure 3. Simplified XLR129-F-1 Demon- FD 21002C 

sCrator Engine Propellant Flow 
Schematic 

(U) The main fuel turbopump is a single shaft unit with two back-to-back 
centrifugal pump stages driven by a two-stage, pressure-compounded tur¬ 
bine. The fuel flow is pumped Lo the system opetetlng pressure levels 
by the main fuel pump. The hydrogen is then ducted to cool the regenera¬ 
tive sections of the nozzles. The principal fuel flow path from the pump 
is through the upstream portion of the primary nozzle, and then into the 
preburner chamber through the preburner injector. The remainder of the 
fuel flows through the downstream portion of the primary nozzle and then 
through the fuel low-speed inducer drive turbine prior to being passed 
into the main chamber as transpiration coolant. A small amount of fuel 
is bled off between the main fuel pump stages to provide coolant tor 
the two-position nozzle. This coolant flows to the nozzle through a 
regulating orifice and a shutoff valve that is provided to stop the flow 
when the two-position nozzle is in the retracted position. The area 
ratio, at which the fixed primary nozzle ends and the two-position, 
translating nozzle starts, is varied to optimize the performance for the 
specific application. 

(U) The oxidizer turbopump is a single shaft unit with a single, centrif¬ 
ugal pump stage driven by a two-stage, pressure-compounded turbine. 

After being pumped to the system operating pressure levels by the main 
oxidizer pump, the oxidizer is divided between the preburner and the 
main burner chamber. The principal oxidizer flow passes through and is 
the working fluid for the oxidizer low-speed inducer turbine before being 
injected into the main chamber. The remainder, a smaller scheduled 
portion of the oxidizer, is ducted to the preburner where it is burned 
with the fuel. The resulting combustion products flow through ducts to 
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the two main turbines, wliich arc arranged in parallel. Thu energy 
required to drive the main pumps is extracted from these combustion 
products, which then exhaust from the turbines and mix in a conmton 
passage of the transition case, these gases tlien pass through the main 
burner injector and into the main burner combustion chamber where they 
mix and burn with the principal oxidizer flow. Tliose combustion gases 
are then expanded through the bell nozzle to provide thrust. 

(U) The proburnor injector consists of dual-orifice, tangential-swirler 
oxidizer injector elements and fixed area fuel injector elements. A 
preburner oxidizer valve is incorporated at the inlet to the injector 
assembly to vary the total oxidizer flow rate for turbine inlet tempera¬ 
ture control and to adjust the relative flow of the primary and secondary 
oxidizer elements. The preburner combustion chamber is contained within 
the transition case, wliich also contains the turbine drive gas ducts. 

Tlie main turbopumps arc attached to the transition case with a single 
flange and bolt circle arrangement to provide ease of access for turbo¬ 
pump maintenance. 

(C) The main chamber injector consists of fixed-area, tangential-swirler 
oxygen injection elements arranged in radial spraybars The fuel side 
(preburner gas after expansion through the turbine) is a fixed area design 
that ducts fuel-rich gas around each row of oxidizer injector point.s. A 
small portion of the fuel-rich gas flows through a porous face to provide 
cooling. The combustion chamber wall is composed of a fuel cooled liner 
extending from the injector face through the throat region to a nozzle 
area ratio of 5.3. The liner is composed of porous wafer plates, which 
provides the transpiration cooling. 

(U) The nozzle, which attaches downstream of the throat, is composed of 
two regeneratively cooled primary sections and a low-pressure, dump-cooled, 
two-position nozzle. The regeneratively cooled sections are conventional 
tubular heat exchangers, the two-position nozzle employs lightweight sheet 
metal construction. 

(U) A more complete system schematic, including all main propellant lines, 
recirculation lines, electrical interconnections, and the helium systems 
is shown in Figure 4. 

D. ENGINE AND COMPONENT OPERATING PARAMETERS 

(C) The component and engine system steady-state operating parameters 
arc presented in Table II for mixture ratios of 5, 6 , and 7 at 100% and 
207. thrust. 
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(C>(U) Table 11. XLR129-P-1 Demonstrator Engine Operating Characteristics. Booster (Continuc-d) 
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E. SUMMARY WEIGHT TABLE 

(U) The aeelmated dry weights of the major components of the demonstrator 
and flight engines are shown in Table III. The demonstrator dry engine 
weights are based upon lightweight component designs with the additional 
margins required for a low risk demonstrator engine program. The flight 
engine dry weights ere baaed upon the normal improvements and weight 
reduction that would materialise as a result of an engineering develop¬ 
ment program. 


(C)(U) Table III. Engine Weights (Dry) 


Item 

Demonstrator 
Engine {( ■ 75) 

Flight 

Engine (* ■ 75) 

Preburner and Hardware 

90 

70 

Transition Case and Gimbal 

370 

285 

Main Burner Injector and Hardware 

115 

85 

Main Burner Chamber 

425 

330 

Nozzle and Actuation 

640 

460 

Fuel Turbopump 

480 

380 

Oxidizer Turbopump 

■»35 

250 

Low-Speed Inducers 

^25 

185 

Controls 

305 

240 

Plumbing 

310 

240 

Miscellaneous 


55 

Total 

*0oes not include valve actuators 

3380* 

2580 


F. START AND SHUTDOWN CURVE 

(C) The start and shutdown transient curve from the XLR129-P-1 demon¬ 
strator engine is shown in Figure 3. This curve presents percent thrust 
versus time, and shows four distinct modes of operations (1) start to 
minimum thrust in approximately 1 second, (2) accelerations to 100% 
thrust, (3) decelerations to idle, and (4) shutdowns. 
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(U) Figure 5. Esclmaced Scare and Shutdown DFC 69931 

Transient Characteristics 

G. ENGINE INLET COtiDITION CURVES 

(U) The ranges of temperature, pressure and NPSH conditions required 
at the inlet to the fuel and oxidizer low-speed inducers are shown in 
Figures 6 and 7, 

(U) The relationship required between fuel temperature and oxidizer tern 
perature, so that the engine thrust and mixture ratio will remain at 
their set points within the specified control accuracy (c37.), is shown 
in Figure 8. 

H. PROGRAM SCHEDULE 

(U) The XLR129-P~1 demonstrator engine program schedule is shown in 
Figure 9. This is a 54-month program that began on 6 November 1967. 

The program has been divided into five phases. The first phase, which 
has already been completed, generated test and analytical data to com¬ 
plete the technology necessary to design the engine and components. 
During the second phase all Che components will be designed. The com¬ 
ponents will be fabricated and tested to qualify them for engine use 
during Che third phase. The fourth phase is Che integration of Che 
components into Che demonstrator engine and Che testing of Che demon¬ 
strator engine. The fifth phase is Che definition of Che flight engine 
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Operating DFC b9932 (U) Figure 7. Oxidizer Inlet Operating DFC 69933 





UNCUSSIHED 



(U) Figure 8. Propellant Temperature Limits DF 70473 

for Full Trim Capability 
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(U) Figure 9. XLR129«P-1 Demonstrator Engine FD 278S7 

Program Schedule 
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SECTION IV 
FLIGHT ENGINE 


A. INTRODUCTION 

(U) The flik’ht configuracion will bo basoil on the results of the 

XLR129-H-1 (lemonstrator oi’.gine program. During a subsequent engineering 
development program further tests would bo conducted to refine the engine 
to moot the flightweight criteria and to develop the level of system 
maturity required for flight operation. The additional development 
effort is a logical extension of the demonstrator program. 

B. DESCRIPTION 
1. General 

(C) The stagod-combustion, high-pressure oxygen/hydrogen rocket engine 
is a versatile, high performance propulsion system for use in both upper 
and lower stages of advanced vehicles. This reusable engine is capable 
of maintaining constant thrust over a mixtuic ratio range of 5 to 7. 

Nozzle interchangeability and the use of the tv;o-pos ition nozzle con¬ 
cept permit operation of the same engine system with optimum nozzle 
area ratios for improving the performance of the lower stages within 
the atmosphere as well as providing the high performance attainable with 
very high area ratio nozzles in the upper stages. Interchangeability 
is achieved by attaching the desired nozzle to a fixed turbomachineiv 
power package. The area ratio at which the primary (fixed) nozzle ends 
and the two position (translating) skirt starts, can be varied to 
i^pr1ni7n n(’rf('rr"anrn for rho snoriffr Aonltrflrion. The general pr-'pellanC 
flow schematic of the LR129-P-1 flight engine is the same as shown for 
the demonstrator engine in Figure 3. Engine nomenclature is illustrated 
in Figure 10. 

2. Nozzle Concepts 

a. Two-Position Nozzle Concept 

(U) The two-position nozzle concept consists of a translating two-posi¬ 
tion nozzle and a fixed primary bell nozzle. The two-position nozzle is 
in the retracted position for sea level operation thus eliminating over- 
expansion losses associated with the larger area ratio section of the 
nozzle. This concept, combined with high chamber pressure, provides a 
compact engine package that provides superior low altitude performance. 

Tlic two-position nozzle is translated to the extended position for high 
altitude operation. On upper stage applications, the two-position 
nozzle is in the retracted position before stage separation to provide 
a compact engine package, and is then extended after staging. 
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(U) Figure 10. Engine Configuration With Kli 2ii32A 

Two-Position Nozzle 

(C) Data for two types of two-position nozzles are presented in this 
report; (1) a configuration with a 35;I primary nozzle expansion ratio 
and various overall expansion ratios and (2) alternatives which produce 
minimum stowed length of the engine with the nozzle retracted. 

(C) In general, lower stage engines, which operate both at low-altitude 
and in vacuum, will have a relatively low primary expansion ratio. 

Pratt & Whitney Aircraft studies have shown the 35:1 primary expansion 
ratio to be near optimum. These studies have also shown that overall 
(extended) nozzle expansion ratios for these applications are also some¬ 
what low and in the 50:1 to ISO; I range. High efficiency contours 
usually produce the best performance in these applications. 

(C) When the primary nozzle expansion ratio (p (or the breakpoint be¬ 
tween the stationary and the movr.ble portions of the nozzle), is in the 
35:1 to 80:1 range, it is possible to move the nozzle far enough forward 
to provide the altitude compensating feature. The two-position nozzle, 
however, cannot be moved completely forward to the gimbal axis because 
of interference with the turbopumps and plumbing. Where short length 
and nigh expansion ratios art primary installation goals (e.g., upper 
stage), it is generally desirable to accomplish the breakpoint at an 
area ratio greater chan 80:1 so that Che translating portion of the 
nozzle can be moved back as close as possible to the engine gimbal axis. 
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Hocauso In upper appllcaelons the engine would not generally be 

tired with the nozale retracted, the breakpoint could be selected to pro* 
vide the shortest possible engine stowed length and the maximum engine 
expansion ratio. The engine stowed length curves presented in this 
report rct'lcct these considerations. 

b. Nozzle Contour 

(C) Engine length, weight, and performance are functions of the exhaust 
nozzle contour, in general, shorter length contours yield lower nozzle 
performance, therefore, in addition to optimization of the area ratio, 
the optimization of a bell nozzle engine includes the selection of the 
.shape or contour of the nozzle. The bell nozzle contours used by Pratt £< 
Whitney Aircraft arc selected from a family of truncated perfect nozzles. 
Perfect nozzles arc defined as those that, at a prescribed area ratio, 
expand a gas flow from the throat of the nozzle to a uniform and parallel 
flow at the nozzle exit. L’sing the method of characteristics, a series 
of perfect nozzle contours may be computed as a function of this "design" 
area ratio. The contour surface at any diameter and length along the 
nozzle may bo plotted in noridimcnsional form as shown in Figure 11. The 
integrated thrust ard surface area can also be calculated at axial loca* 
tions along Che nozzle. The calculation procedure includes the effect of 
friction and varying thermodynamic properties of Che reacting gases. 
Representative results of this detailed analysis can be plotted as shown 
in Figure 12, which presents contour coordinates for perfect bell nozzles 
with lines of constant surface area and constant vacuum thrust coefficients 
superimposed. 



(U) Figure 11. Perfect Nozzle Contours 
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(LM A perfect noirlo contour does not necessarily produce optimum ensino 
or vehicle performance, Hecause a perfect nozzle is constrained to pro- 
uuco completely axial flow at the exit, a considerable part of the roar 
section of the nozzle is involved in the final flow turninn process. 

In a real nozzle, the friction losses hero arc greater than the perform* 
unco gains that accrue from the final flow straightening. Therefore, 
maximum nozzle performance is obtained by shortening or truncating the 
perfect nozzle. Further, in real vehicles there are engine length 
penalties such that additional truncation may bo required to produce 
maximum vehicle performance, Pratt & Whitney Aircrt.ft •'•s defined 
a scries of three nozzle length truncations of the ab> 'eftnod per¬ 
fect nozzle for application to real vehicles. These t,.jrcations 
(referred to as nozzle contours in this report) are dencrlbed as 
follows: 

1, Maximum Performance Nozzle (MCj) 

2. Minimum Surface Area Nozzle (MSA) 

1, Base Nozzle, 

These three nozzle truncations arc shown schematically in Figure !). 



(U) Figure 13, Nozzle Contour FD 22438A 

(C) So that the method used in establishing MCq, MSA, and Base Nozzle 
contours can be mere easily identified, a representative portion of the 
information given in Figure 12 is shown in Figure 14. 

(U) Nozzles with minimum surface area (MSA nozzles) for a given thrust 
arc defined by the locus of points for which a line of constant thrust 
coefficient (Cy^^^) and a line of constant surface area-to-throat area 
ratio (Ag/A^) are tangent. This is shown as point A on Figure 14. 
Maximum nozzle efficiency (MCg) for a given cl\rust are defined by the 
locus of points for which the lines of constant thrust coefficient 
(Cpvgf.) have zero slope (point B on Figure 14). It should be noted 
th.'it the maximum performance nozzle (point B) is still short of the 
full length perfect nozzle because frictional drag has been included. 


CONFIDENTIAL 

(Tkit pofle i( Unclottified) 





CONnOENTIAL 



(U) Fl$;ure 14, Contour OpClmltaClon 


FD 6263C 


(U) A third type of nozzle truncation considered is referred to as a 
base nozzle contour. This truncation has resulted from experience with 
various optimization studies and generally produces nearly optimum 
balance of weight and performance, particularly for lower stage applica* 
ttons. While this contour Is not established directly from analysis of 
Figure 14, It falls approximately half'way between points A (MSA) and 
B (MCj,). The relationship between truncated area ratio and "design" 
area ratio for base nozzle contours is shown In Figure 15. 



(U) Figure IS. Base Truncations of Perfect FOC 27861 

Nozzles 


30 

CONFiOENTIAL 









GONFIDENTIAI. 


(f) Nvizzlc truncations considered In the parametric data of this report 
are: maximum performance, base, and minimum surface area nozzle contours. 
I’ratc Whitney Aircraft preliminary cnKlne/vehlclo studies have shown 
that the best upper sta^tc performance Is generally obtained by using the 
base nozzle nr minimum surface area nozzle contour. 

J. Flight Fnglnc Characteristics 

(C) Preliminary design characteristics for the flight engine are pro¬ 
vided in Table IV. 

(C)(U) Table IV. Flight Engine Characteristics 

Nominal Thrust To be determined from parametric dat.n 

Minimum Delivered lOO/l nominal thrust • 96.7/’. 

Specific Impulse 20'. nominal thrust - 95.47. 

Efficiency (All of these conditions are with an expansion 

ratio of 100:1, mixture ratio of 7 and MSA nozzle) 

Throttling Range Continuous from 100 to 207. of nominal thrust over 

the mixture ratio range 

Overall Mixture Engine operation from 5.0:1 to 7.0:1 

Patio Range 

Rated Chamber 3000 psla 

Pressure 

Durability 10 hours time between overhauls, 100 reuses, 

300 starts, 300 thermal cycles, 10,000 valve 
eye les 

Single Continuous Capability from 10 seconds Co 600 seconds 

Run Duration 

Engine Starts Multiple restart at sea level or altitude 

Thrust Vector Amplitude: t7 deg; 

Control Rate: 30 deg/sec; 

Acceleration: 30 rad/sec^ 

Control Capability f37, accuracy in thrust and mixture ratio at 

nominal thrust. Excursions from extreme Co 
extreme in thrust and mixture ratio within 
5 seconds 

Propellant LO 2 : 16 ft NPSH from 1 atmosphere boiling 

Conditions temperature to 180*R 

LH 2 : 60 ft NPSH from I atmosphere boiling 
temperature to 45’R 
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(0(10 Table IV. Flight Engine Characteristics (Continued) 


Environmental 

Conditions 


Englnc/VchlcIc 


Sea level to vacuum conditions 
Combined acceleration: 10 g's axial with 

2 g's transverje, 6.S g's axial with 

3 g's transverse, 3 g's axial with 
6 g's transverse 

The engine will receive no external power, 
with tite exception of normal electrical power 
and 1300-psia helium from the vehicle 


d 


H. Cycle Balance 

(C) A 250K LR129-P-1 flight engine system and component operating param¬ 
eters at lOO/l and 2Qt thrust and mixture ratios of 5, 6, and 7 are 
presented In Table V. 

5. Schedule With Cost 

(U) The schedules of the flight engine development program to PFRT as 
related to the XLR129-P-1 demonstrator engine program are shown In 
Figure 16, The estimated development costs to PFRT and Qualification 
as a function of rated thrust between lOOK and 500K. are shown In Fig¬ 
ure 17. 

C. PARAMETRIC ENGINE DATA 

I. General 

(U) Parametric engine data are presented in this section for two basic 
configurations: (1) engines equipped with two-position exhaust nozzles 
and (2) engines using conventional fixed exhaust nozzles. 

(C) The two-posltlon nozzle engines may be configured to provide either 
(1) high sea level performance or (2) minimum stowed length; the selec¬ 
tion of the primary nozzle expansion ratio (Cp) depending upon the 
application. The above objectives are achieved by having the two- 
posltlon nozzle retract from a nozzle expansion ratio of 35 (denoted 
by (p ■ 35) mainly for lower stage applications or from the expansion 
ratio that will provide minimum stowed length (denoted by tp • minimum). 

(C) Engine data provided for the fixed and two-position nozzle engine 
configurations are; (1) performance (specific impulse), (2) weight, 
snd (3) envelope. These data are for a vacuum thrust range of 100,000 lb 
(lOOK) to 500,000 lb (500K), mixture ratios from 5 to 7, and nozzle 
expansion ratios (t) 35 to 400 for three nozzle truncations or contours), 
as applicable. Nozzle truncations considered in these data presentations 
are maximum pertormance (MC,), base, and minimum surface area (MSA) nozzle 
contours. A discussion of nozzle contours is provided in Section II. 
Engine dimensions and nomenclature are Illustrated in Figure 10. 
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(C)(U) Table V. Estimated Eligiit Engine Operatin]; Characteristics Upper StaKC-: Nozzle Cxteiidi-d 



(C)(U) Table V. Estimated Flight Engine Operating Characteristics Upper Stage: 
Nozzle Extended (Continued) 
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FD 24282A 


(U) Figure 16. XLR129-P-1 Demonstrator Engine 

Progr.im 



(U) Figure 17. Estimated Engine Development FD 27781 

Oxygen/Hydrogen Engines 

(C) The engine characteristics of specific Impulse, weight, and envelope 
are based on the following; 

• Performance attainable at the time of preliminary flight 
rating test (PFRT) 

• Engine Inlet propellant conditions: 

Minimum required hydrogen not positive section head 
(NPSH) - 60 ft 
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Minimum required oxygen net positive suction heed 
(NPSH) ■ 16 ft 

• Continuous throttling cspsbility between 100*4 end 20*4 of 
rated thrust 

• Mixture ratio range of S to 7 at all thrust levels 

• Thrust vector control provided by mechanical gimbaling, 
i7 degrees 

• Durability of 10 hours time between overhaul (TBO), 100 
reuses, 300 starts, 300 thermal cycles, and 10,000 valve 
cycles 

• Lightweight, duinp-cooled nozzle construction 

o Performance based on the use of nozzle dump cooling for 
expansion ratios greater than 3S 

• For high expansion ratio nozzles, radiation cooling is 
used aft of the lowest expansion ratio permitted by heat 
flux levels. (This expansion ratio varies over the para* 
metric range, but is approximately 200.) If radiation 
cooled nozzle skirts were not used, an insignificant in¬ 
crease in engine weight would result. 

2, Engintf* Performance 

a. General 

(U) Vacuum specific Impulse, sea level specific impulse, altitude per¬ 
formance, and throttling performance are presented In this section for 
fixed and two-position nozzle engine configurations. 

b. Vacuum Performance 

(C) Vacuum specific impulse data are presented in Figures 18 through 20 
as a function of nozzle expansion ratio. Data arc presented for maximum 
performance (MC^), base, and minimum surface area (MSA) nozzle contours. 
These curves, which cover a nozzle expansion ratio range of 35 to dOO, 
are applicable for all lightweight-nozzle (fixed and two-position) 
engine configurations in which dump cooling begins at an expansion ratio 
of 35:1. Vacuum specific impulse is very nearly independent of thrust 
level in the range of lOOK to 500K; this is particularly so between 
200K and SOOK. 
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(U) FiKure 19. Vacuum Specific Impulse vs DFC 702 

Nozzle Expansion Ratio 
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( l'I Ki .vifij Jil. V.icmi.M Spocilic l::ipiilso vs 
N.'z^lo l^xpansii'ii Katio 


IM C 70299 


V. AltiUiJv I’crt .'f:'iancv 
1 1 I Oi’iKTa I 

(O' Altitude peri\>r:-iaiKe far engines e(|iiipped with 1 i^litwei^tht nozzles 
IS siiown in h inures 2 1 tnriumn 2«. Iliese data arc presented as tlic 
ratio of spocitie impulse (at altitude) to vacuum specit'ic impulse 
^^sjit ^vac'* altitude as a function i>f nozzle expansion ratio. 

The altitude ranuo is fruni sea level to 200,000 ft (vacuum condi tii'ns). 

Ihe thrust at any altitude may also bo obtained by use of these curves 
because Ujic K'ac " ^alt ''vac bstl.sated iiiizzle flow separation 
altitude is also shown, where applic.ablo, for the hlnhcr expansion ratios. 

(2) Two-I’os ition Nozzle Ennine Conf ii;urations 

(a) Hri“ary Nozzle Area Ratio • 35 

(C) Altitu.b.' perfornanec for two-posi tii)n nozzle enninv cemf inurai ions 
hrvinn a primary nozzle expansion ratio of 35 (fp ■ 35) is shown in Pin* 
urcs 21 through 23 for , base, and .MSA nozzle contours. These curves 
present altitude perfor-ance for ihc engines with the two*position nozzle 
in the extended position for hinh altitude operation and with it retracted 
for operation at lower altitudes. The inflection points in these flnures 
result fro:;i the translation of the two-position nozzle. These data are 
usable for the entire parametric ranne of mixture ratios without sin- 
nificant error. Those data are independent of thrust level for a con¬ 
stant primary expansion ratio. The nozzle expansion ratio ranne pro¬ 
vided in these curves is from < • 50 to # ■ 150, 
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ih> l'ri k;rv N.'zslo Aro.i Kalto SiioJ tor Mini:;iuiri ScowoJ I.on.uth 

U'^ A; t. i tuvio porioriM.in^o lor two-position nv>szlo onylnii coni'i <11 rat ions 
that provido ;'!ii\i''!u::i stv>woJ loniith Up * r.iinl.’jiuri) is prcaontod in Kl>t* 
ut'os t ironiili 2'i. 

(O As ill tho caso oi' two'-pvvsi tion nozzlos with a constant primary nozzle 
expansion ratio u • jii, tiio variatii'n in altitude pori'ormance ropultlnt: 
l tv'\ mixtiiro ratio is insieiiii leant. Itioro is an additional cll'oet caused 
bv tho variation in tho pri::urv nozzle expansion ratio as a function of 
tiiru.st level. This effect is also aenerallv small and produces a total 
error, IncluJinc "lixture ratio eifects, which is no more than '0.5' in 
sea level perforviance. i'ariations in primary nozzle expansion ratio also 
affoet the semnidarv no.nc le , t ron.s lat i ,>n altitude (the altitude at which 
tlic scL'.nidarv nozzle is translated t.> its e.xtended position for hi^h 
portor;'iance ,'peracioni; the resultant effect in translation altitude is 
appiMxlrutely •lOOvi feet, hecause all the variations cited above are 
relaiivolv s.-iali, a sincle curve for r » n.O is presented for cltitndo 
periot'-unce for each nozzle c.'nCour. .Vozzle expansion ratios for those 
curves e.'ver the raiice ft on < ■ SO to ( ■ 400. 

ill ^■■i^i;Jd .Vozzle hncino (''nf icurativuis . , 

(Cl Altitude performance for fixed nozzle cnKino confljiurations is 
presented in I'icure 27 for nozzle' expansion ratios of < ■ 35 to < ■ 400. 

It can be seen from cli'is flcuie that lower staye applications, with nozzle 
expansi.in r.itios yreaier tiiavt approximatcly 100:1 are not practical with 
fi.vcd uozzU's ueeaiise of ni'zzio ilow separation at low altitudes. 

d. Sea Level I'erfornance 

I 1) Oen.tra I 

(C) To facilitate vehicle sizing and ti' allow a d/rect comparison of ser 
level periormancc, sea level specific impulse is presented in Figures 2l> 
tnrou^h 10 as a function of overall nozzle expansion ratio. Data are 
provided for three niizzle contours for fixed nozzle and two-position niizzle 
(«p • 35) cnyiiio configurations. 

(2) Two-l’osition (*p • 35) and Fixed Voz;;lc .LnyIne Omfi;;urations 

(C) Sea level specific impulse for two-position nozzle enyi.ie confiyura- 
cions having a primary nozzle expansion rativ> of 35 is presented tor 
overall expansion ratios of 50 to 150. dea level specific impulse for 
t ixed nozzle enyine conf1yurations is presented for es slon ratios 35 
t-' loo. FU>w scpar.itlon at sea level occurs in fixed ni.zslcs with expan¬ 
sion ratios approximately 100 or ’rearer. 
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{l') Figure J(i. Soj I.ovol Spo.. ilic Impulse vs DFC 70357 

N>';jzIo i-.xp;ins i.’ii Ratio 

^C) A conparis.'u ot the sea level .'pociCic impulse attainable with fixed 
iioazle and two-position no:</. Ic esiitinc conf ikjurat ions shows the s ii;r. i f icant 
i;::pri'vcr?ei!C in perlorr;an<"e c.'iat resales from Che use I’f a two-pos i t ii’ii 
nozzle. In tlic case of two-position nozzle emtinc ci’P.i ii;urations for use 
in lower staze appl icat ions, the translacini; nozzle is in tlie retracted 
position for sea level and h'w altitude I'pcration. With the two-position 
nozzle retracted, the onzine operates with a low e.xpansii'n ratio ((,, = 35). 
This produces a hizher sea level specific impulse chan that obtainable 
with a fixed nozzle havinz the sar:o overall nozzie expansion ratio. A 
two-position nozzle enzine c>'nf izurat ion with an overall ni'zzle expansion 
ratio of 100 and a primary nozzle expansion ratio of 35 will prov'dc a 
sea level specific impulse that is appri’ximately 50 seconds greater than 
th.at attainable with a fixed nv'zzlc tar the same conditions of nozzle 
contour, mixture ratio, and v.icuum thrust. Sea level thrust would be 
increased in the same pri’por t ions. 

c. Throttled i’orforaance 

(C) Throttling perforr;ance of high pressure cngi-.'.'s is shown in Figure 31. 
lliis figure presents the ratio of specific impulse at throttled conditions 
to nominal specific impulse versus percent nominal thrust as a function 
of mixture ratio (r =* 5.0 to r = 7.0). The effect of nozzle expansion 
ratio on throttled performance is insignificant (less than O.l/.) and can 
be disregarded. 
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(U) Figure 31. Vacuum Specific Impulse for DFC 69984 

Throccled Conditions 


3. Engine Weight 
a. Ueneral 

(U) Engine dry weight for fixed and two*position nozzle engine configura* 
tions are presented in Figure 32 through 40 for MCg, base, and MSA 
nozzle contours as functions of vacuum thrust and nozzle expansion ratio. 


(U) The total engine dry weight includes the weight of all engine com* 
ponents on the engine side of the vehicle/engine interface. Specifi- 


cally, 

it includes the following; 



1. 

Thrust chamber (transpiration cooled) 



2. 

Exhaust nozzle (regenerative and dump-cooled sections) 

3. 

Nozzle translating mechanism (where applicable) 


4. 

Preburner assembly 



5. 

Fuel and oxidizer turbopump assemblies 



6. 

Transition case and gimbal 



7. 

Engine-mounted and driven fuel and oxidizer 

low- 

•speed inducers 

8. 

Ignition system 



9. 

Engine controls, shutoff valves, and actuators; 

and plumbing 

10. 

Gimbal and actuator arm atttichrr.snt brackets 
thrust vector control. 

for 

mechanical 


Flight instrumentation and its hardware, and TVC actuator mechanisms 
are not included in engine weight. 
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b, Two-Posltlon Noxtle and Fixed Nozzle Engine Configurations 

(C) The total weight of two-posltlon nozzle engines having a constant 
primary nuzzle expansion ratio, (p ■ 3S, are presented In Figures 32 
through 34 for a nozzle expansion ratio range of ( > 30 to ( ISO, 

Engine weights for configurations having (p ■ minimum are shown In 
Figures 33 tiu'ough 37 for nozzle expansion ratios ( ■ SO to ( • 400. 

Fixed nozzle engine weights are presented In Figures 38 through 40. 

Engine weight differences between the two translating nozzle configura¬ 
tions, Cp " 33 and (p for minimum stowed lengths, arc caused by varying 
nozzle translating mechanism requirements. 

(U) Relatively flat slopes for engine weight as a function of nozzle 
expansion ratio arc obtained with dump-cooled, lightweight nozzle engine 
configurations. This is a result, primarily, of using lightweight nozzle 
construction for dump cooling beyond an area ratio of 33. As the overall 
nozzle expansion ratio Is Increased, the surface area of the regcncra- 
tlvoly cooled portion of the nozzle (to < ■ 33 In all cases) becomes 
smaller because of the change In the contouring of the nozzle (which 
results from the change In overall expansion ratio) and thus the nozzle 
becomes lighter. Conversely, the dump-cooled portion of tlic nozzle 
becomes larger and Increases In weight as overall nuzzle expansion 
ratio is increased. Tlie net result is a relatively small increase in 
total engine weight with Increasing expansion ratio for all thrust levels. 



(U) Figure 32. Total Engine Weight vs Nozzle DFC 70300 

Expansion Ratio 
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(U) Figure 33. Total Engine Weight vs Nozzle OFC 70301 

Expansion Ratio 



(U) Figure 34. Total Engine Weight vs Nozzle DFC 70302 

Expansion Ratio 
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figure 36. 
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(U) Figure 40. Total Engine Weight v* Nozzle DFC 70308 

Expansion Ratio 
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4. Engine Envelope 
a. General 

(U) Engine dimensions of overall (nozzle) exit diameter, overall length, 
and stowed lengths (for two-posit ion nozzle engine configurations) are 
presented in tliis section in Figures 41 through 50 as a function of 
nozzle expansion ratio. Lcngtii data arc presented for three nozzle 
contours: MC^, base, and MSA. Because overall exit diameter is not 
significantly affected by nozzle contour, only a single figure is pre¬ 
sented for this parameter. Primary nozzle expansion ratio as a function 
of overall nozzle expansion ratio for minimum stowed length engine con¬ 
figurations is presented in Figures SI through 53. 

(C) Stowed engine length for two-position nozzle engine configurations, 
in addition to being a function of thrust level and nozzle expansion 
ratio, is also dependent upon the expansion ratio of the primary nozzle. 
For lower stage applications, a small primary nozzle expansion ratio, 

<p ■ 35, generally produces the best performance; in upper stages, 
larger primary expansion ratios, <p - 80, provide minimum stowed length. 

(C) When the primary nozzle expansion ratio is set at a constant value 
(i.e., <p > 35), the primary nozzle exit plane determines the stowed 
length for low overall expansion ratios. As the overall expansion ratio 
is increased, a point is reached where the two-position nozzle determines 
the stowed length. The inflection points in the curves of stowed length 
occur where the exit planes of the primary and two-position nozzles are 
in alignment. 

b. Diameter 

(C) Overall exit diameter is presented in Figure 41 as a function of 
vacuum thrust for nozzle expansion ratios ( > 35 to ( ■ 400. This curve 
may be used for all nozzle truncations (contours). 

c Length 

(1) Overall Length 

(C) Engine overall length for fixed and two-position nozzle configura¬ 
tions is presented in Figures 42 through 44 for each nozzle contour as 
a function of nozzle expansion ratio, C •• 35 to ( ■ 400. 

(2) Stowed and Minimum Stowed Length 

(C) Engine stowed length for «p • 35 is presented in Figures 45 through 47 
Minimum stowed length (<p ■ minimum) is presented in Figures 48 through 50 
Stowed length curves are presented for each cf three nozzle contours as a 
function of nozzle expansion r^tio. 

(U) For minimum slowed engine length, two hardware geometry considerations 
are the determining factors: (1) the nozzle translating mechanism and 
(2) the turbomachinery or power package. Inflections in the minimum 
stowed length curves are caused by a changeover in Che limiting factor. 

GONHilTIAL 
























^TOA-fk u*rt n- 


CONnOENM 


1*0 
. IM 

• liO 
f ;m 
A m 

S 

u .. 


•0 

;o 

0 ^ 
0 


• tOM |i(« 

Tv<i*N«tliM iiM 4 • 11 

HtntMiA 1«trU<« ArM I'-.ttttvr View* Thruvt 

1W» 
410k 
4ro 

:)or 

lOO 
MOK 
2C«4 
i;04 
lOOK 


ONnsaruL 


Su 100 1)0 

ti(»iu iXPAAtlON MriO >« 



no 


(U) Figure 47. Scoved Lengch vs Nozzle OFC 70364 

Expansion Raclo 



0 *.. -. - ■■ - .... 

9 100 700 100 

Motsui apAMioN «*no •« 


400 


(U) Figure 48. Minimum Stowed Length vs 
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(U) Figure 51. Primary Nozzle Expansion Ratio DFC 70360 
vs Nozzle Expansion Ratio 



(U) Figure 52. Primary Nozzle Expansion Ratio DFC 70358 
vs Nozzle Expansion Ratio 
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(U) Figure 33. Primary Nozzle Expansion Raclo DFC 70359 
vs Nozzle Expansion Ratio 

D. ENGINE/VEHICLE INTERFACE DATA 

1. General 

(U) Englne/Vehlclc Interface data are presented In the tables of this 
section as a function of thrust level In 30K Increments. These data 
are based on the demonstrator engine configuration. These Interface 
data Include Inlet condition operating region, engine inlet and TVC 
actuator arm attach point locations, engine inlet and power package 
diameters, TVC actuator arm loads and auxiliary power available from 
the engine. 

2. Engine Inlet Conditions 

(C) The high pressure engines are designed to be capable of operating 
over a wide range of fuel and oxidizer inlet conditions provided minimum 
net positive suction head (NPSH) requirements are met. The flight en¬ 
gine inlet operating regions are the same as those for the demonstrator 
engine (see Figures 5 and 6) with minimum required NPSH's of 60 feet 
and 16 feet at the fuel and oxidizer inlets, respectively. If special 
vehicle operating conditions require inlet conditions outside of the 
normal engine operating regions, these should be coordinated with 
Pratt & Whitney Aircraft to ensure engine/vehicle compatibility. 

3. Engine/Vehicle Interface Locations 

(U) Engine inlet and actuator arm attach point locations are presented 
in Table VI, These dimensions are referenced to the engine X, Y, and 
Z axes shown in Figure 54. The engine fuel and oxidizer inlet flanges 
are in the same plane as the gimbal axis of the engine. 
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(U) Table VI. Location of Engine Inlets and 
Actuator Arm Attach Points 


Vacuum Thrust (Thousands of lb) 



(U) Figure 54. Englne/Vehlcle Interface FD 27786A 

Locations 


^Refer to Figure 54 
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4. Inlet Line and Power Package Diameters 

(U) Fuel and oxidizer inlet line diameters at the cngine/vehicIn inter¬ 
face (low-speed inducer inlets) arc presented in Table VII, The diameters 
of the inlets are determined by propellant NPSH and engine cycle require¬ 
ments. 

(U) The engine power package consists of the turbomachinery, preburner, 
main burner injector and chamber and the associated plumbing lines; it 
is essentially the entire engine except for the exhaust nozzle. The 
power package maximum diameter occurs in the plane of the main turbo¬ 
pumps and preburner parallel to the gimbal axis, and generally does not 
exceed a diameter equivalent to that for a nozzle expansion ratio of 80. 
The power package diameters are presented in Table VII. 


(U) Table VII. Power Package Diameter, Oxidizer 




and 

Fuel 

Inlet 

Diameters 






Vacuum 

Thrust 

(Thousands 

of lb) 




100 

150 

200 

250 

300 

350 

400 

450 

500 

Power Package 
Diameter (in.) 

41 

50 

58 

65 

71 

76 

82 

87 

92 

Oxidizer Inlet 
Diameter (in.) 

7 

9 

10 

12 

13 

14 

15 

16 

17 

Fuel Inlet 
Diameter (in.) 

8 

9 

U 

12 

13 

15 

16 

17 

18 


3. Gimbal Loads 

(C) Thrust vector control (TVC) for the high pressure engines is accom¬ 
plished by mechanical glmballng. Two actuator arms attach to the engine 
at points 90 degrees apart. The estimated maximum gimbal loads (for each 
actuator arm) are presented in Table VIll. Gimbal loads were based on 
the following gimbaling requirements: 

AngU' - t7 deg 
Velocity - 30 deg/sec 
Rate - 30 rad/sec~ 

6. Auxiliary Power 

(U) The high pressurf. engines are designed to provide auxiliary (accessory) 
power for TVC and other uses. The maximum power availability is presented 
in Table VIII. 
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(U) Table VIII. GlmbAl Loeds end Auxiliary Power 
Available from the Engine 


Vacuum Thriist (Thousands of lb) 



100 

150 

200 

250 

300 

350 

400 

450 

500 

Clmbal Loads 
(Thousands of lb) 

16 

22 

28 

33 

39 

45 

51 

56 

62 

Auxiliary Power 
(Horsepower) 

43 

60 

80 

100 

117 

134 

151 

168 

185 
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